Aspergillus oryzae IF04202 produces at least two extracellular lipolytic enzymes Ll and L2 (cutinase, and mono-and diacylglycerol lipase, respectively). Southern hybridization of restriction enzyme-digested genomic DNA fragments with 23-mer oligonucleotides synthesized according to the amino acid sequence of the L2 as probe suggested the presence of the L2 gene (tentatively designated as mdZB) and an additional weakly hybridizing region. A fragment containing the genomic mdZB gene was cloned in Escherichia c&i. Nucleotide sequencing of the fragment revealed an open reading frame, comprising 1021 nucleotides, which contains two introns (51 and 52 nucleotides). Putative polyadenylation signals were found 182 and 287 bp downstream of the stop codon. The deduced amino acid sequence of the mdlB gene corresponds to 306 amino acid residues including a leader sequence of 28 amino acids and is highly similar to that of the mdlA gene of Penicillium camembertii. Three residues presumed to form the catalytic triad (serine, aspartic acid and histidine) of lipases were also conserved.
Introduction
Aspergillus oryzae produces various useful enzymes which are used as 'koji' in manufacturing of sake, soy sauce, or 'miso' (traditional fermented products in Japan). Lipases produced by A. oryzae act on lipids in miso during fermentation and change the lipid composition by hydrolysis of triglycerides of soybean and synthesis of esters [l-3] . Previously, we reported that A. oryzae produced at least two kinds * Corresponding author. Tel.: +81 (268) 22 1215; Fax: +81 (268) 22 4079; E-mail: jsekigu@giptc.shinshu-u.ac.jp of extracellular lipolytic enzymes (Ll and L2) [4] . Enzyme Ll was a 24-kDa protein which exhibits higher activity on ethyl esters of various fatty acids 151. Cloning and sequencing of the gene indicated that Ll belongs to the family of cutinases [6] . Enzyme L2 was a 39-41 kDa protein which hydrolyzes monoacylglycerols and diacylglycerols, but does not hydrolyze triacylglycerols [7] . The N-terminal amino acid sequence of L2 (mono-and diacylglycerol lipase) was XIPTTQLXXFKFWVQYAAA [7] . In this paper, we describe the cloning of the L2 gene from the A. oryzae genomic DNA and cDNA, sequencing of its gene and flanking regions, and comparison of the amino acid sequences of the L2 protein with MdlA of Penicillium camembertii and other lipases.
Materials and methods

Microorganisms, plasmid and culture conditions
A koji starter, A. oryzae IF04202, was used to obtain DNA for gene cloning. AM15]) was used as a host strain for transformation of E. coli, and plasmid pUC118 (Ap'; Takara Shuzo Co., Kyoto) was used for cloning. A. oryzae was grown at 28°C in GYP medium [4] . E. coli was grown in LB medium 161. If necessary, ampicillin was added to a final concentration of 50 ug/ml.
Synthesis of oligonucleotide probes and hybridizations
A 23-mer oligonucleotide mixture (5'-TTT/CAAA/ GTTT/CTGGGTA/G/T/CCAA/GTAT/CGC-3') was synthesized with an Applied Biosystems apparatus (model 391s) corresponding to the amino acid sequence FKFWVQYA of L2 [7] and used as probe for hybridizations.
5'-labelling of the nucleotides with [Y-~~P]ATP (18.5 TBq/mmol; Amersham) and T4 polynucleotide kinase (Takara), and genomic Southern and colony hybridizations were performed as described by Maniatis et al. [8] .
Cloning of genomic DNA containing the lipolytic enzyme (L2) gene
Genomic DNA of A. oryzae was prepared and purified as described previously [6, 9] . DNA was digested with
PstI,
EcoRI, BarnHI, HindIII, PstI+EcoRI, PstI+BamHI or PstI+HindIII, followed by agarose gel electrophoresis.
Approx. 1.62.0 kb fragments after PstI and Hind111 digestions were recovered from the agarose gels with a Geneclean Kit II (BiolOl). The fragments ligated to PstI and HindII1 sites of pUC118 were used for transformation of E. coli. Ap' transformants were selected and then subjected to colony hybridization.
Synthesis of cDNA
RNA was prepared with Isogen (Nippon Gene, Toyama) according to the manufacturer's instructions. PCR for cDNA synthesis was carried out with primer UP-l (a 17-mer: 5'-ATTGAGTA-GACCCTGCG-3') and primer DP-1 (a 19-mer: 5'-AAATGGTAACGAATTAGCG-3') which correspond to positions 344360 and 1413-1395, respectively (Fig. 1) . The PCR product (0.97 kb) covers nearly the entire coding region of the mdlB gene.
Sequencing of genomic DNA and cDNA
DNA sequencing was performed with Tag DyeDeoxy@ Terminator Cycle Sequencing kit and automatic DNA sequencer (Applied Biosystems, model 373A). For genomic DNA sequencing, a 1.8 kb PstI-EcoRI fragment inserted onto a pUC118 vector was subcloned, and then sequenced with universal or reverse primers (Takara) or gene-specific oligonucleotides as primers. For cDNA sequencing, the PCR product (0.97 kb) was subcloned into the SmaI site of pUC118, and then 0.63 kb EcoRI (in the multicloning site)-Sau3Al and 0.38 kb Sau3Al-PstI (in multicloning)
fragments from the inserted plasmid were cloned into EcoRI and BamHI, and BamHI and PstI sites of pUC118, respectively. The sequencing was performed as described above.
Results and discussion
A physical map of the L2 gene was made prior to the cloning. Total genomic DNA of A. oryzae IF04202 was digested with restriction enzymes, and fragments were subjected to Southern hybridization with the 32P-labeled degenerate oligonucleotide synthesized according to the amino acid sequence of the enzyme L2 as a probe. Strongly hybridizing bands at 3.4 kb for PstI, 8.5 kb for EcoRI, 6.5 kb for BamHI, 2.9 kb for HindIII, 3.2 kb for PstI+E-coR1, 1.65 kb for PstI+BamHI and 1.8 kb for PstI+-Hind111 were detected (data not shown). Since only one strongly hybridizing band was present in each lane, it seems likely that there is single copy of the L2 gene in the genome. Moreover, weakly hybridizing bands indicated the presence of another region of low similarity to the probe (data not shown). An A.
selected PstI-Hind111 double-digested DNA fragoryzae genomic library was prepared by ligating sizements (162.0 kb) into pUC118 and transforming
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into E. coli. The PstI-Hind111 library was screened by colony hybridization with the same oligonucleotide probe as described above. Among 1.5 x 103 Ap' E. coli transformants, four positive clones were selected. Each clone harbored a plasmid containing a 1.8 kb PstI-Hind111 fragment.
Sequencing of the 1.8 kb fragment showed that it contained the entire region of the L2 gene (tentatively designated as mdlB; Fig. 1 ). Nucleotide sequences of putative exon-intron borders in the mdlB gene were highly conserved, and two introns of 51 bp and 52 bp were observed. The 5' and 3' splice sites and putative internal consensus are 'GTACTG, AAGV and CTGA for the intron 1 -and VGTAAGT, CAG' and CTAA for the intron 2, respectively (", 5' or 3' splice site; underline, consensus for the 5' splice site (GTPuNGPy), 3' splice site (C/TAG) or putative internal sequence (CTNA) [lO,ll] ) (Fig. 1) . Therefore, the mdlB gene can encode a polypeptide of 306 amino acids with a molecular mass of 33455 Da (Fig. 1) . Sequencing of the cDNA, which covers almost the entire coding region of the mdlB gene, revealed the presence of two introns which are identical to the deduced ones described above (Fig. 1) . The amino acid sequence at positions 2947 in Fig. 1 was identical to the determined N-terminal sequence of the L2 protein (XIPTTQLXXFKFWVQYAAA; X, undetermined amino acid) [7] . Therefore, the mature MdlB is predicted to be a polypeptide of 278 amino acids with a molecular mass of 30440 Da. Since the molecular mass of the purified L2 protein from the A. oryzae culture was estimated to be 3941 kDa [7] , the size difference might be due to the glycosylation. Putative CAAT and TATA boxes were observed at positions 124-128 and 274279, respectively (Fig. 1) . Preference for A at 3 bp upstream of the translational initiation codon, which is reported in many genes of filamentous fungi [l 11 , was also observed in the mdlB gene.
GNNYRFTHND-m~LPLLlUGYVHISF'EYYITA-PDNTTVTDtQVMDGWNFKGNTGTSGGL~LAFH&FI~KGPGLPLR
GNNFRFTtlTN-DPVPKLPLLSMGYWVS PEYWITS-PtWlVSTSDIKVIDGWSFDGNTGT--GLPLLTDFEAHIWYFbQVMGKGPGLPFKRV
GAEYRVTHGD-WVPRLPPIVFGYRHTSPEWLNGGPLWDWVlEIK.VCEG UNWMGTI-GLDIL----MITYF-QSLUTCAPIAI-
GI~~PPUFCFLHA6EE~~-NS~------T~~S~~S--IVP~S~~LSYF-----GI~GL~
Putative polyadenylation signals (ATAAA) are found 182 and 287 bp downstream of the stop codon, UAA (Fig. 1) .
A computer search indicated extremely high amino acid sequence similarity between MdlB and the mono-and diacylglycerol lipase of P. camembertii [12] . [12] and the triacylglycerol lipases of Fusarium heterosporum (Fh) [13] and Rhizomucor miehei (Rm) [14] . The numbers are the positions with respect to the N-terminal amino acids of the mature enzymes of MdlB, MdlA, Fh and Rm. Hyphen, space for multialignment; asterisk, common amino acid. Overlines above the amino acid sequence indicate the conserved Gly-X-Ser-XGly sequence for lipolytic enzymes. The serine, aspartic acid and histidine residues, which form the catalytic triad, are indicated by closed squares.
the triacylglycerol lipases of Fusarium heterosporum [13] and Rhizomucor miehei [14] are 64, 35 and 27%, respectively (Fig. 2) .
Lipolytic enzymes have a Gly-X-Ser-X-Gly sequence in common [6, 15, 16] . For MdlB, this sequence was found at positions 143-147 (Fig. 2) . The serine, aspartic acid and histidine residues, which form the catalytic triad, are completely conserved in the lipolytic enzymes (Fig. 2) . This is the second cloning of a mono-and diacylglycerol lipase gene. Yamaguchi and Mase [17] reported the high-yield synthesis of monoglyceride from free fatty acids and glycerol by MdlA from Penicillium camembertii. They also reported high diacylglycerol production. Therefore, MdlB is expected to be useful for the production of monoacylglycerols and diacylglycerols from free fatty acids and glycerol. Our research is now directed towards increased production of the MdlB protein in E. coli.
